system is linear such that L{a 1 i 1 (x',y') + a 2 i 2 (x',y')} = a 1 L{i 1 (x',y')} + a 2 L{i 2 (x',y')} = a 1 o 1 (x,y) + a 2 o 2 (x,y).
Any two-dimensional input can be expressed as a superposition of two-dimensional delta functions or point source inputs, namely, i(x',y') = J 1:00 o(x' -x",y' -y")i(x",y")dx"dy". (A.1) This trivial convolution integral defines the "sifting" property of the delta function (Barrett and Swindell, 1981) ; that is, the delta function sifts out the point (x',y') . Because of the linearity condition, we can write L{i(x',y')l = J r 00 i(x",y")L{o(x'x",y' -y"))dx"dy".
The system is called isoplanatic (shift-invariant), if a point spread function (PSF) or an output resulting from a point source input exists and is independent of the position of the point source in the object plane, namely, L{o(x',y')} = PSF(x,y) and
where the PSF is normalized, namely, J f 00 PSF(x,y)dxdy = 1.
where Equation (A.3a) is expressed by (x',y') in place of (x",y"), and Equation (A.3b) is derived from Equation (A.3a) by appropriate changes in the variables of integration. These equations illustrate two-dimensional convolution integrals which state that the point spread function can be considered a transfer characteristic of the system.
A.3 Line Spread Function
Experimentally it is more convenient to work with line source inputs i(x',y') = o(x'). For anisotropic systems, the orientation of the line source in the object plane will affect the resulting line image. To emphasize this fact, the line source input is written as o(xe') which indicates that the coordinate system in the object plane has been rotated through an angle 0. This rotation results in new coordinate systems (x 0 ',ye') and (xo,Yo) .
which is the line spread function of the system for a certain direction. For isotropic systems, the directional effect does not exist. This definition indicates that the line spread function can be obtaine~ using.a.line source input or by scanning the point spread function with a slit.
To calculate outputs resulting from two-dimensional inputs by means of Equation (A.3), the point spread function is needed. However, in the case of one-dimensional inputs i0(x 0 '), i.e., inputs which, after a suitable rotation, are dependent upon only one variable in twodimensional coordinates, we have from Equation
These equations are one-dimensional convolution integrals which state that the line spread function is a system transfer characteristic for one-dimensional inputs.
A.4 Modulation Transfer Function
To express the system transfer characteristics in the spatial frequency domain, we take the two-dimensional Fourier transform of both sides of Equation (A.3a) , O(u,v) 
This can be written as O(u,v) O(u,v) and l (u,v) as the complex spatial frequency spectra of the output o(x,y) and the input i(x',y'), respectively. It then allows us to identify H(u,v) as a system transfer characteristic in the frequency domain-the optical transfer function -which is related to the point spread function by a two-dimensional Fourier transformation. Equation (A.5) in the spatial frequency domain is a much simpler representation than Equation (A.3) in the spatial domain.
Equation (A.5) defines
The expression for I (u,v) in Equation (A.5) may be inverse Fourier transformed by multiplying both sides where we have used the orthogonality of the complex exponentials (Papoulis, 1962) :
Whereas in the spatial domain a function may be represented as (or decomposed into) a superposition of appropriately weighted delta functions [Equation (A.1) ], in the frequency domain it may be represented as (or decomposed into) a superposition of appropriately weighted complex exponentials (sines and cosines) [Equation (A.6)].
The optical transfer function can be separated into the modulus and the phase, which corresponds to the modulation transfer function and the phase transfer function (PTF), <l>(u,v), respectively, namely,
Both MTF(u,v) Taking absolute values of the functions in Equation (A.5), we obtain A.4 Modulation Transfer Function . .• 29 IO(u,v)I = II(u,v)IMTF(u,v) .
which is a relation between the output and input amplitude spectra and the modulation transfer function of the system. The modulation transfer function is a general system transfer characteristic for isotropic systems, since in that case H(u,v) is real.
To express the transfer of one-dimensional inputs in the frequency domain, we take the one-dimensional where Hc(u) and H 8 (u) are the Fourier cosine and sine transform of the line spread function, respectively, and <l>(u) is the phase transfer function. Equation (A.9) shows that the modulation (or amplitude) of the sinusoidal input is reduced by the modulation transfer function and the position of the sinusoidal input is shifted by the phase transfer function.
